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Large-scale water transfer projects (LWTPs) transfer water to urban and agricultural areas. The Majes-Siguas
canal, established in 1983, is an LWTP that created a thriving agricultural area through irrigating the Majes
district in the Atacama Desert of Peru. Like other LWTP receiving basins, the project has attracted an influx of
migrants who work on the farms. At the same time, the Majes LWTP is the district’s only source of water and has
an aging infrastructure which presents significant risks. While many studies critically analyze the consequences
of LWTPs in water supply basins, few evaluate the resilience of communities living in LWTP receiving basins. In
this study, we ask: what factors stifle or enable resilience of the agricultural community in the Majes-Siguas
receiving basin? In 2019, we conducted semi-structured interviews with migrant and residents and water au
thorities, collected and reviewed historical documents, and conducted participant observations. Using this data,
we analyze community resilience by identifying perceived risks, stressors, and vulnerabilities among and be
tween groups of agricultural actors, their adaptations, and their perceptions of water management organizations’
responses. Results show that a single source of water, differential vulnerabilities between groups of agricultural
actors, and limited organizational responsiveness stifled community resilience, while communal pooling and selforganization enabled community resilience. Attention to increasing inclusion of migrants in water management
decision-making, addressing differential water and land rights, and cultivating space for migrant selforganization could enable the agricultural community to be more resilient.

1. Introduction

et al., 2006; Zhuang, 2016). On one hand, some research shows how
LWTPs create socioeconomic opportunities by providing water for irri
gation, electricity, as well as urban development (Liu et al., 2015; Obour
et al., 2016; Ricart and Clarimont, 2017; Shumilova et al., 2018). On the
other hand, there has been much research on the impacts of LWTPs on
supply basins including interrelated factors such as population
displacement, disruption of livelihoods, ecological destruction, as well

Large-scale water transfer projects (LWTPs) present unique chal
lenges and opportunities for the ecological systems that are disrupted
due to the flooding of large areas of land, the people who have to migrate
away from the supply basin, and the groups that often populate the
receiving basins (Crow-Miller, 2015; Islar and Boda, 2014; Langridge
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as the lack of participation of stakeholders in the process of planning and
implementing these projects (Domènech et al., 2013; Liu et al., 2015;
Mills-Novoa and Hermoza, 2017; Obour et al., 2016; Wang et al., 2020).
However, while community resilience in supply basins is threatened by
new and existing vulnerabilities, both during and after the process of
LWTP implementation, receiving basins are not necessarily winners. In
fact, receiving basins can face unique risks associated with social
inequality and competition over water due to increased migration and
urbanization, producing vulnerabilities that also weaken their resilience
(Eakin et al., 2016; Sternberg, 2016).
The Majes District (Majes) of Peru, an irrigated agricultural area in
the receiving basin of an LWTP, is one of those spaces. Established in
1983, the Majes-Siguas canal is the result of an LWTP that carries water
from the Andean highlands through the Colca watershed to the Atacama
Desert of Peru (i.e., Majes), creating an irrigated area where farmers
have daily access to sunshine and water. Scholars have documented how
the Majes-Siguas Irrigation Project stimulated economic growth in the
district as well as conflicts over water throughout the Colca watershed,
leaving some with more access to water than others (Gelles, 2000;
Stensrud, 2016a, 2016b, 2019; Delgado and Vincent, 2013). Further,
LWTP receiving basins that support agricultural communities, like those
in Majes, often face unique stressors and risks. For example, unlike other
LWTPs that flood desert regions (Sternberg, 2016), Majes does not pull
from groundwater sources and only receives an average of 0.44 in. of
rain a year (Autoridad Nacional del Agua, 2016). This makes the
Majes-Siguas Irrigation Project the only water source for the district.
Even with these documented stressors and risks, LWTPs like the
Majes-Siguas Irrigation Project will continue to be an integral part to
how society addresses water and food scarcity, particularly in the
context of climate change, and many new projects are being planned
around the world (Shumilova et al., 2018).
While new LWTPs are being built, scholars have documented that
infrastructure of existing LWTPs is failing, which threatens the longterm sustainability of such projects (Liu et al., 2015). In fact, many
LWTP receiving basins cannot meet increasing demand for water from
population increases, either because of failing infrastructure or dwin
dling water supply, so water demand is addressed by the building of new
LWTPs to carry additional water from other supply basins to developed
areas (Gohari et al., 2013; Sternberg, 2016). In the Majes-Siguas
receiving basin, before the project. the district was a desert, and the
population was close to zero. After the construction of the Majes-Siguas
canal, farmers, who call themselves ‘residents’ or ‘originals’ moved to
Majes to farm five-acre plots awarded to them through a lottery system.
Other people from the highlands, called ‘migrants’, continue to move to
the district, both alone and with their families, to largely work in agri
culture (Stensrud, 2019). Scholars have recognized that places like
Majes continue to face significant risks and stressors while attracting
more people who seek livelihood and employment opportunities.
However, there is little understanding of factors that support or deter
community resilience in places like Majes where agricultural commu
nities have developed as a result of water supply from LWTPs.
In response to this critical need, this study identifies and analyzes the
factors that enable and stifle community resilience of an agricultural
community in the receiving basin of an LWTP. We define community
resilience as the local capacity to respond in an environment subject to
change, uncertainty, disturbance, or an adverse event (Adger, 2000;
Berkes and Ross, 2013; Magis, 2010; Matarrita-Cascante and Trejos,
2013). We collected semi-structured interviews, conducted participant
observations of agricultural meetings and events, and reviewed legal
and historical documents to analyze: (1) water risks and stressors that
the agricultural community in Majes faces, (2) the vulnerabilities of
migrant and resident agricultural actors in the face of those risks and
stressors, and (3) adaptation strategies of migrant and resident agri
cultural actors and water organizations in the receiving basin of the
Majes-Siguas Irrigation Project. Findings suggest that multiple factors,
particularly the differentiated vulnerabilities between migrant and

resident agricultural actors, stifled community resilience. Addressing
these differentiated vulnerabilities through integrating migrants into
water
organizations,
supporting
migrant
efforts
towards
self-organization, and addressing unequal land and water rights could
strengthen resilience for migrants and the agricultural community as a
whole.
2. Literature review
In this study we focus on how community risk perception, vulnera
bility, and adaptive capacity along with institutional adaptation impact
community resilience in the receiving basin of the Majes-Siguas LWTP.
In considering resilience, many scholars have approached the concept
differently. However, most agree that resilience is best understood as,
“the capacity of the system to continually change and adapt and yet
remain within critical thresholds” (Berkes and Ross, 2013, p. 6). Others
define social resilience as the capacity of groups or communities to adapt
to external stresses, shocks, and disturbances that result from social,
political and environmental changes (Adger, 2000). Adger’s (2000)
seminal piece called for the integrated understanding of resilience as a
connection between ecological and social concepts. “By examining
positive and negative aspects of social exclusion, marginalization and
social capital” (Adger, 2000, p. 352) in Vietnamese fishing villages, the
author showed that single-resource economies hinder resilience and
recommended analysis of inequality between social groups, and not just
among individuals, as necessary to best understand social-ecological
resilience. In this study, we specifically focus on community resilience.
This approach analyzes adaptive capacity at the community scale and
pays special attention to the relationships between community members
and the capacity of institutions to support individual and collective
agency in the face of change (Berkes and Ross, 2013; Kulig et al., 2013;
Matarrita-Cascante et al., 2017; Matarrita-Cascante and Trejos, 2013;
Norris et al., 2008).
Definitions of community are constantly changing and debated.
Some defining principles include but are not limited to geographical
boundaries, religious and other social affiliations, and social relation
ships across space and time (Iles et al., 2020; Massey, 1994; Mata
rrita-Cascante and Brennan, 2012; Young, 1990). In this piece, we
understand the agricultural community to broadly include people who
work in agriculture in the Majes district. As is the case with other irri
gated basins, these agricultural actors carry integral knowledge about
the risks and stressors that an LWTP presents including changes in water
quantity and quality, increased competition for water, and institutional
response and preparedness (Eakin, 2016). Majes is also a natural
resource community. These communities often face additional obstacles
towards community resilience because their livelihoods are based on the
health of a single resource or a set of resources (Adger, 2000; Flint and
Luloff, 2005; Matarrita-Cascante and Trejos, 2013). Natural resource
communities also experience ongoing social-ecological stressors from
climate change, population growth, as well as the boom and bust of
local, national, and international economies. Stressors interact to pose
and strengthen risks, and these communities have a strong need to be
resilient in the face of many types of risks (Adger, 2000; Burnham and
Ma, 2016b; Flint and Luloff, 2005; Matarrita-Cascante and Trejos, 2013;
Norris et al., 2008; Räsänen et al., 2016).
LWTPs present unique risks for both the supply and receiving com
munities (Domènech et al., 2013; Eakin et al., 2016; Gohari et al., 2013;
Tilt and Gerkey, 2016; Wang et al., 2020). Risks such as these are often
analyzed in a technical manner as a quantification of hazards posed on
people, ecosystems, or larger structures (Birkmann et al., 2013; Lupton,
1999). Other scholars focus on how individuals and groups perceive
risk—the intuitive risk judgements of individuals and social groups in
the context of limited and uncertain information (Gerber and Neeley,
2005; Slovic, 1987, 2000). The spectrum of research on risk often cre
ates a dichotomy between subjective and objective understandings of
the risk, pitting the perspectives of individuals against those of technical
2
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experts (Flint and Luloff, 2005). In this study, water risks and the
associated stressors of the agricultural community are our focus. We
therefore concentrate on community risk perception, which is “shared
and experienced collectively” (Flint and Luloff, 2005, p. 403) and “exists
when residents collectively experience the emergence of threats to their
community” (Flint and Luloff, 2005, p. 406). The authors in this study
identify risks and stressors as those perceived by the agricultural com
munity, some with more technical expertise that tend to provide an
objective assessment of risk and others who experience risk as it
threatens their day-to-day livelihoods.
To identify what stifles community resilience, it is also necessary to
identify context-specific factors that increase vulnerability (Adger,
2000; Matarrita-Cascante et al., 2017; Smit and Wandel, 2006) as higher
vulnerability can decrease community resilience (Hung et al., 2016).
Vulnerabilities are weaknesses in the face of multiple stressors and risks,
and scholars recognize exposure, sensitivity, and adaptive capacity to be
the primary components of vulnerabilities (Birkmann et al., 2013;
Räsänen et al., 2016; Smit and Wandel, 2006). Particularly germane to
this study is that social-ecological stressors, like pollution, social
inequality, and unclear land rights, heighten the vulnerabilities and
decrease community resilience in the face of risks and stressors (Adger,
2000; Tschakert, 2007). Moreover, although community members
experience stressors and risks together, individuals and groups, espe
cially women, Indigenous Peoples, and migrants can be more vulnerable
to risk and stressors than others (Sultana, 2014; Tschakert and Machado,
2012; Tschakert et al., 2013). These vulnerabilities between groups can
decrease the overall resilience of a community because they decrease
social capital and increase opportunities for conflict among community
members (Adger, 2000; Matarrita-Cascante and Trejos, 2013).
It is also imperative to identify community strengths that enable
community resilience. Adaptive capacity, the ability of a system to un
dertake adaptations, renew or reorganize, or cope with the conse
quences of social-ecological stressors or risks (O’Brien et al., 2004, p.
304; Smit and Wandel, 2006; Tschakert, 2007), enables community
resilience. At the individual and household scales, adaptation strategies
such as income diversification, pooling of resources, environmental
management, and labor migration can increase adaptive capacity
(Agrawal, 2008; Burnham and Ma, 2016b). Scholars in particular point
out that groups and communities that self-organize in the face of risks
and stressors are more resilient (Berkes and Ross, 2013; Tschakert,
2007). Like vulnerability, adaptive capacity depends on a multitude of
factors including the social-political context in which the community is
situated, differential access to resources and social networks, and
institutional participation (Burnham et al., 2015; Erwin et al., 2021;
Smit and Wandel, 2006).
Institutions can also increase adaptive capacity and enable commu
nity resilience (Agrawal and Gibson, 1999; Agrawal, 2008) by sup
porting individual and community learning and reflection both before
and after a sudden change (Folke et al., 2005; McDougall et al., 2013).
However, in order to enable adaptive capacity in and among groups and
communities, scholars argue that these institutions should be equitable
and support collective agency and adaptation in the face of risk. Equi
table governance not only decreases vulnerabilities between groups but
also increases community resilience by decreasing conflict over re
sources (Bahadur et al., 2013). In addition, multi-scalar institutions that
are transparent, flexible, and responsive to community desires are also
integral for community resilience (Adger et al., 2005). Adaptive gover
nance, understood here as collaborative, multi-scalar institutions
capable of learning in the face of risk (Folke et al., 2005), also in
corporates polycentricity where nested institutions work together at
multiple scales to manage natural resources (Baker et al., 2020; Herr
fahrdt-Pähle, 2013; Ostrom, 2010).
Adaptive governance, however, is especially difficult for agricultural
communities in the receiving basin of an LWTP. On the one hand,
community resilience rests on the capacity of multi-scalar institutions to
be responsive and collaborative (Wilson, 2013). On the other,

community resilience requires effective localized decision-making to
efficiently manage shared resources (Ostrom, 2009, 2010). One unique
challenge to fostering localized decision-making in LWTP receiving
basins is that the source of water is located in another region or perhaps
even another country (Delgado and Vincent, 2013; Domènech et al.,
2013; Gohari et al., 2013; Liu et al., 2015; Sternberg, 2016). People
living in the receiving basin have to rely on institutions outside of their
community to manage their water supply (Eakin et al., 2016). Relying
solely on non-localized institutions can dismantle adaptive capacity and
resilience of practitioners and local communities by stifling their ca
pacity to manage their own resources and thus decrease adaptive ca
pacity of the whole system (Bunce et al., 2010; Folke et al., 2005; Islar
and Boda, 2014).
In addition, research on agricultural communities in Global North,1
and increasingly in the Global South1, has demonstrated that resident
farmers and migrant laborers have very different vulnerabilities in the
face of risk (Gansemans and D’Haese, 2019; Klocker et al., 2018, 2019;
Wolcott-MacCausland et al., 2020). This is reinforced by global shifts
where people are migrating from rural areas to work in farming and
urban areas within and outside of their countries to adapt to climate and
other social-ecological changes (Black et al., 2011; Burnham and Ma,
2018; Hunter et al., 2015; Massey et al., 2010; Radel et al., 2010).
Therefore, it is rather common to find that migrant identity intersects
with farmworker (Erwin et al., 2021; Gray, 2013; Holmes, 2013). At the
same time, migrants have diverse knowledges that can improve on-site
farming practices (Klocker et al., 2019) and the resilience of agricul
tural communities more broadly by complementing existing knowledges
and traditional institutions within the communities where migrants
settle (Adger et al., 2002, 2020; Folke et al., 2005; Scheffran et al.,
2012).
Overall, while the literature has highlighted the conceptual strength
of resilience few scholars have provided empirical evidence to demon
strate what creates a resilient community, making resilience “concep
tually strong but operationally weak” (Bahadur et al., 2013, p. 63;
Johnson et al., 2018; Mattarita et al., 2017). In this study, we identify
and analyze factors that deter and support community resilience in the
agricultural community of the Majes-Siguas Irrigation Project receiving
basin in the face of water-related stressors and risks. We evaluate
community risk, vulnerability, and adaptive capacity across groups, and
institutional response to better understand how agricultural commu
nities like those in Majes can better prepare for the water-related
stressors and risks that they face. Our results also expand studies on
differential vulnerability and adaptive capacity in agricultural commu
nities in the Global South.
3. Research methods
3.1. Site description: the Majes-Siguas receiving basin
Initially planned in 1971 and completed in the mid-1980s, the 101
kilometer Majes-Siguas canal (Fig. 1) is one of many LWTPs in Peru
(Mills-Novoa and Hermoza, 2017; Mills-Novoa, 2019; Stensrud, 2016a,
2016b). The initial cost of the projects was approximately 18,000,000
Peruvian soles or 5,000,000 USD, and the vision for the project was to
create an irrigated agro-exportation zone. While the Majes-Siguas canal

1
Rather than geographic locations, Global North generally refers to highincome countries or developed economies and Global South generally refers
to low-income countries or developing economies, similar to the categorizations
that have been used by the World Bank (https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-and-lending-groups) and
the United Nations (https://www.un.org/development/desa/dpad/wp-con
tent/uploads/sites/45/WESP2020_Annex.pdf). The terms aim to reduce im
plicit biases associated with previously used phrases such as “Third World” or
“developed/developing countries” (Dados and Connell, 2015).
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Fig. 1. Map of the Majes-Siguas 1 Canal and Projected Location of Majes-Siguas 2 (Daneshvar et al., 2021).

has stimulated agricultural and economic development, the receiving
basin and others living along the canal have faced ecological impacts,
including landslides as a result of flooding the desert (Lacroix et al.,
2020). The district has also faced multiple agricultural booms and busts
from volatile international quinoa markets (Stensrud, 2019). Like this
first phase of the Majes-Siguas Irrigation Project (hereafter,
Majes-Siguas 1) that this paper analyzes, an additional canal,
Majes-Siguas 2, has also been slated to transfer water from the upstream,
high-altitude district of Caylloma (also in the Department of Arequipa)
to a 38,500-hectare piece of land next to Majes. Majes-Siguas 2 will
create land plots between 100 and 1000 ha each for agriculture (Sten
srud, 2019). The construction of this second phase has been in the
planning phase for decades and has been delayed due to numerous po
litical, ecological, social, and economic issues (Paerregaard, 2013;
Stensrud, 2016a, 2019; Ullberg, 2019).
At the time of the study, water authorities in the Department of
Arequipa informed us that water from the Majes-Siguas 1 canal is used
for irrigating 15,800 ha of five-hectare plots (or 12.5 acres) (Fig. 2).
Farmland have been allotted during the past 30 years by the Peruvian
government to farmers through a lottery system. There were originally
2800 settlers with these five-hectare plots of land, and there are now
2600 farms in Majes (Stensrud, 2019). While the 2017 census documents
the Majes district’s population to be 60,108, some estimates are as high
as 120,000 (Stensrud, 2016a). The district also supports a milk pro
cessing plant and seven large-scale agricultural businesses. They pro
duce approximately 600,000 liters of milk daily. On the five-hectare
plots, farmers use an equal mixture of drip and sprinkler irrigation
systems and grow a variety of commercial crops for domestic and in
ternational markets, including but not limited to alfalfa for cattle and
corn, potatoes, paprika, quinoa, avocado, cactus, and garlic. Others
focus on raising cows, pigs, and other livestock. Many of these farmers
also keep a small area of their land for household gardens next to their
houses. These farmers have formal land titles, which grant them access
to non-potable irrigation water on their five-hectare plots. Within the
Majes district, the main city of Pedregal includes houses, hotels, res
taurants, municipal buildings, and shops. With the passing of time, many
people from across Peru, especially the district of Caylloma and the
departments of Cusco and Puno, have migrated to Majes to work in
commercial businesses in Pedregal and on the farms that are irrigated by

Fig. 2. Map of the Majes District (Daneshvar et al., 2021).

the Majes-Siguas canal. In Majes, many migrants are hired as irrigators
and live on farms to manage all irrigation activities. Others are farm
workers that meet with thousands of others every morning in a town
square in search for daily or other forms of temporary work on those
irrigated farms. Many migrant farmworkers and irrigators have lots, and
4

A. Erwin et al.

Land Use Policy 114 (2022) 105900

at times, reside in informal settlements without formal land titles or
access to water for irrigation or even domestic use.
Throughout our data collection, we found that there were many
different types of organizations that addressed the agricultural com
munity’s water-related stressors and risks (Table 1). In 2009, Peru
implemented the Water Law (i.e., Ley de Aguas) (Filippi et al., 2014),
shifting national policy from a more top-down model to one based in
participatory principles of integated watershed management (IWM).
IWM is a participatory governance strategy that involves multiple
stakeholders such as local and national governments, NGOs, community
members, and other external actors in the management and distribution
of water resources (Kauffman, 2016; Popovici et al., 2021). Integral to
IWM in Peru is the participation of water users, including farmers,
mining companies, and the general population into the decision-making
about water distribution and management. At the time of this study,
Peru was piloting IWM in 12 watersheds across the country, including
the Chili-Quilca watershed, where the capital city of the Department of
Arequipa is situated (Fig. 1). The Majes district, which is situated in the
Camaná-Majes-Colca watershed, was not part of this first pilot phase.
However, there has been a plan to shift water management in the
Camaná-Majes-Colca watershed to an IWM model by the end of 2022. As
informal settlements become formalized, migrants could be potentially
represented by different organizations like municipalities, neighbor
hood associations, and Sedapar.

reaching themes: demographics, perceptions of social-ecological change
and risk, adaptation strategies, perceptions of adaptation, distribution of
impacts, risks, and adaptation resources, and representation in decisionmaking (Supplemental Material A). Coauthors and local guides con
nected community members and water authorities with the first and
third author. After connecting with these gatekeepers, the first and third
author then collected 48 semi-structured interviews in Spanish with 56
people in the Majes district (Table 2). Coauthors also conducted
participant observations of agricultural activities and meetings about
the canal and reviewed documents describing institutional responses to
risk in Majes. Before conducting all fieldwork, the first and second au
thors worked with Purdue University’s Institutional Review Board (IRB)
to approve all research procedures.
During the interview stage of our research, we used a combination of
purposive sampling to recruit a diversity of agricultural actors and
snowball sampling techniques to recruit interviewees (Bailey, 2017;
Creswell and Clark, 2018; Neuman, 2009). These combined sampling
strategies are suitable for qualitative studies that endeavor to conduct a
deep analysis of a research phenomona, like risk and community resil
ience in the receiving basin of an LWTP. These strategies provide the
researcher with the tools to gather data from a diversity of actors not
commonly captured in random sampling procedures (Creswell and
Clark, 2018; Drury et al., 2011). We found that in intensive agricultural
areas like Majes, migrants did a large part of the day-to-day farmwork;
however, they are usually excluded from studies using random sampling
because they are not included on a landownership list. Purposive sam
pling was especially useful to account for their exclusion as it allowed us
to recruit research participants, in this case a variety of agricultural
actors, based on their relevance to our research objectives rather than
their representativeness of the overall population (Neuman, 2009).
Migrants are also a difficult population to recruit. Snowball sampling,
another non-probability sampling strategy, was well-suited for our study
as migrant interviewees introduced us to other migrant participants
within their social networks allowing us to reach data saturation in
relationship to our research objectives (Browne, 2005; Noy, 2008).

3.2. Research design
This study is part of a larger collaborative research project studying
agriculture, mining, adaptation to climate change in Peru between
Purdue University in the U.S. and the Universidad Nacional de San
Agustín de Arequipa in Peru. All coauthors worked collaboratively to
design data collection instruments and coordinate all fieldwork activ
ities in Majes. In the summer and fall of 2018, coauthors met six times to
edit and complete an interview protocol for data collection in March of
2019. Our interview protocol included questions in the following wideTable 1
Multi-scalar Water Organizations in the Majes District.
Name

Level/Scale

Description and roles

National Water Authority (NWA)
Spanish: (Autoridad Nacional del Agua – ANA;
Autoridad Local del Agua – ALA)

National

National government agency which sets national laws and standards related to water; implements
and evaluates environmental impact assessment of LWTPs.

Autonomous Authority of Majes (AUTODEMA)
Spanish: (La Autoridad Autónoma de Majes)

Regional

A public entity that built and conducts ongoing maintenance to reservoirs and the Majes-Siguas
canal.

Water Users’ Association (WUA)
Spanish: Junta de Usarios

Regional

Intermediary, non-governmental organizations that represent local, community-based irrigation
commissions (Popovici et al., 2021). WUAs operate by collecting a mandatory water fee from water
users. WUAs manage the canal system in Majes district and fund projects for maintaining local
infrastructure across and within different irrigation commissions.

Drinking Water and Sewerage Service of Arequipa
(Sedapar)
Spanish: Servicio de Agua Potable y Alcantarillado de
Arequipa

Regional

A public entity that builds infrastructure for domestic and potable water. They receive water from
the Majes-Siguas canal to supply domestic water to the population. They are considered a “user”
within the WUA.

Irrigation Commissions
Spanish: Comisión de Regantes

Local, communitybased

Local, community-based organizations with a long history dating back to pre-Inca times (Guillet,
1992). Irrigation commissions regulate water schedules, resolve disputes, enforce rules and
sanctions related to water management, and make proposals to the regional WUA to construct
infrastructure projects within the irrigation commission (Popovici et al., 2021). Majes District has 26
irrigation commissions. Each has around 100 water users who are irrigators. Irrigators elect a
president and other local representatives who then represent the irrigation commission in the
regional WUA.

Municipality
Spanish: Municipalidad

District/City

Local government that works with new populations to secure access to water and electricity.

Neighborhood Associations
Spanish: Asociaciones de Vivienda

Informal Settlements
in Majes

Associations organized by residents of informal settlements in Majes. The association makes claims
to the municipality for access to water, electricity, and land titles on behalf of their members who are
generally residents of informal settlements and who migrated to Majes.
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vulnerabilities within the agricultural community and speak to how
migrant and resident groups are adapting to water stressors and risks in
different ways. Finally, we present how interviewees perceived multiscalar water organizations’ responses to these water-related stressors
and risks and how these responses supported and deterred community
resilience.

Table 2
Triangulation of Interviewees and Diversification of Interviewees between
Migrant and Resident Agricultural Actors.
Title

Interviews
Interviewees

Migrant
Workers

20
25

Resident
Farmers
(nonpresidents)

11
13

Resident
Farmers/
Resident
Irrigation
Commission
Presidents

Other
Authority

11
12

6
6

Totals

4.1. Water-related stressors and risks facing the agricultural community
in Majes

48
56

Both resident and migrant members of the agricultural community,
as well as authorities in water-related agencies and organizations,
identified a similar set of water-related stressors and risks in Majes
(Table 3). Specifically, interviewees informed us that a single source of
water and the canal’s infrastructure created risks to agricultural liveli
hoods. Across the board, interviewees also expressed that increasing
water demand from migration, livestock production, and businesses, as
well as decreasing water quality, were stressors and risks to their
existing irrigation systems. Most migrant interviewees and several water
authorities also identified a lack of formal land rights and the associated
access to water as stressors and risks that the agricultural community
faced.

Interviewing stopped when we reached data saturation, the point at
which additional interviews no longer added additional answers to
research objectives and interview questions (Bailey, 2017; Guest et al.,
2006; Patton, 2015). In this study, we reached saturation between 20
and 25 interviews for the two groups of actors. We also conducted
additional interviews with water authorities for supplemental and
background information about water organizations. Original settlers,
those who received land from the lottery and had lived in Majes for over
25 years, called themselves the originals or colonists. These original
settlers and authorities called people who moved to Majes to live in
informal settlements migrants, many of whom work as farmworkers,
specifically as irrigators or day laborers. For this study, coauthors
decided to follow this self-identification and considered people who had
lived in Majes for over 25 years to be residents and under 25 years to be
migrants.
In the analysis stage of our research, the lead author led a process for
intercoder reliability through a process of editing the coding framework
with two other coauthors in four meetings (Campbell et al., 2013;
Church et al., 2019). Once they met a kappa coefficient higher than .7,
the lead author proceeded with analyzing all the interview transcripts,
using direct content analysis (Hsieh and Shannon, 2005), combined with
thematic coding, in NVivo. The thematic coding portion of the study
consisted of coding transcript data into themes that emerged during data
collection and analysis including water-related stressors and risks, dif
ferential vulnerability and adaptive capacity related to water, and
institutional responses to address water-related stressors and risks. After
categorizing the data into themes, the lead author then interpreted what
factors enabled and stifled agricultural community resilience in Majes.
The analysis portion of the study was concluded by linking the evidence
found in the thematic analysis and interpretation stages to relevant
literature and then pinpointing quotations that were examples of those
linkages (Joffe and Yardley, 2004; Miles and Huberman, 1994). To
complete the final manuscript, coauthors completed three rounds of
drafts where they contributed relevant scholarly literature and official
government documents, edited for content and grammar, and made
comments in relationship to the theoretical framework, methods, and
site description.
The results of this qualitative study contribute to analytical gener
alizations. These generalizations unveil the interconnectedness of
existing and new themes not yet apparent in the literature, a theory, or a
particular context (Yin, 2010). In our case, we chose the Majes district
because of the capacity to investigate community resilience through
interconnected themes including risk, vulnerability, adaptation, and
water-related institutions (Stake, 1995). Therefore, our study provides
empirical evidence as well as presents a framework for better under
standing how agricultural communities, especially those created by
LWTPs and/or under conditions of water stress, can build their capacity
to be more resilient.

4.2. Resident and migrant adaptation to water-related risks and stressors
In this section, we describe the adaptation strategies of two groups
within the agricultural community (i.e., residents and migrants) in the
face of water-related stressors and risks. First, we outline how resident
farmers adapted to water quality stressors and the risks associated with
canal collapse. We then discuss how migrants adapted to water quality
and property rights stressors.
4.2.1. Resident adaptation to water-related stressors and risks
While many resident farmers and migrant farmworkers identified
similar stressors and risks, resident farmers also identified additional
stressors and risks such as declining water quality due to sediment. One
resident farmer described this as: “The openings in the [irrigation] hoses
are so thin. They’re made for clean, fine, potable water, if you have it. The
water arrives to us with turbidity… and the holes are easily plugged.” In
order to address the water quality stressors posed by the canal, farmers
were adapting by buying filters for their farms. One resident farmer who
was also the president of a local irrigation commission emphasized the
importance of this adaptation practice: “Everyone has to have one,
everyone. That is what they tell you.” When asked if he had to buy the
filter, he said: “Yes… if you have income, you ask the bank for a loan
because it costs around 6000 soles.” One resident farmer who was also
working in the local branch of a bank commented on people who could
not pay back their loan and said: “If people do not have other income
streams, they suffer. They stay in debt and sometimes they lose their house.”
The turbidity also impacted resident farmer capacity to drink water on
their farms, and one farmer informed us that he adapted to the water
quality issues by bringing drinking water in from the city. He explained
this as follows: “Here, in the houses, well, it is already filtered, drinkable.
However, on the farm, for example, I have to bring filtered water from the city
of Arequipa…. I don’t use this water.”
All of the resident farmers we interviewed were part of local irriga
tion commissions that regulate access and distribution of water to land
plots. Because of their participation and long history in the receiving
basin, they had integral knowledge about the history of the LWTP, water
organizations, and the relationships within and among irrigation com
missions. In particular, resident farmers informed us that some irrigation
commissions had pooled resources to build reservoirs so that they could
share water. One resident farmer described this as: “We have a regulated
reservoir that supplies water to all 101 parcels [of land that are part of the
irrigation commission], and we have a field technician who watches over it.”
Other irrigation commissions did not have reservoirs. Interviewees

4. Results
In what follows, we report how interviewees perceived a single
source of water, canal infrastructure, and increased water demand as
stressors and risks to their agricultural community. We then detail
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Table 3
Water-Related Risks and Stressors Impacting the Agricultural Community.
Interrelated Water Stressors and Risks

Exemplary Quotes

Single source of water

• “It is the only canal. We receive this, and we irrigate everything.” (Resident Farmer)
• “When there is no water, the harvest dries out, and there is nothing to drink.” (Migrant Farmworker)
• “Right now, it is cracked, the amount that comes to us is not the same amount that is going into the canal. Our priority is water.
Without water, there is no life.” (Migrant Farmworker)
• “The problem is that every year the canal gets older… The canal is being broken down every year, and every time there is an
earthquake, it is more vulnerable, and it can be damaged even more.” (Resident Farmer)
• “Thirty-four years have passed since the canals were built and until now, they have not done serious maintenance, so the
canals have been practically destroyed by time, by use, and by nature.” (Authority)
• “We have a maintenance problem in the canal’s infrastructure.” (Resident Irrigation Commission President)
• “If the canal collapses, in a month, we will become just dirt again, like that. Or, maybe even in 15 days.” (Resident Farmer)
• “With the canal, I know something can happen, and then there would be no water.” (Migrant Farmworker)
• “There will be no water. Everyone will leave. It will dry out, and everyone will go bankrupt.” (Migrant Irrigator)
• “If there is no rain, and the canal suddenly collapses, well, all of Pedregal has to leave, and it is over. If there is no water, there
is no life, no life for anyone, and we definitely have to go somewhere else to work.” (Migrant Farmworker)
• “Well, they say that the canal can go at any time, and then we are left without water. Everything will dry up… Everything will
go white.” (Resident Farmer)
• “They did have 500 ha, but they are extending their farmland… And, that has decreased the water supply as well.” (Resident
Farmer)
• “Initially, we irrigated 16 h a day, later it went down to 14, then 12, and now we are at 8 h… The irrigation project was built
for 40,000 people… But now we have about 150,000 people and the livestock population is also growing, so there is no more
water.” (Resident Farmer)
• “More people, more everything, it all reduces water supply.” (Resident Farmer)
• Right now, I receive water from 6:00–9:00, all night…. But before it was day and night.” (Resident Farmer)
• “Before, when we received our plot, we had water night and day, but now they just give us water for eight, seven hours, a day.”
(Resident Farmer)
• “With the increase of land plots, the water goes to those places.” (Resident Farmer)
• “The water is bad, very bad. It is bad, bad. Completely bad… We get water directly from the river. It brings dirt, sands, rocks,
trash.” (Resident Farmer)
• “Practically speaking, we’ve been drinking contaminated water… And, we still are.” (Resident Farmer)
• “It depends on the rain, the amount of rain in the highlands… but the quality is never good.” (Resident Farmer)
• “The water has a lot of sand and lime.” (Resident Farmer)
• “Here, there is no potable water.” (Migrant Farmworker)
• “We constantly live with the worry that if anything happens in the highlands, that is, it affects us.” (Resident Farmer)
• “Our concern is always that if there is no water in the highlands, then we have no water because there is no other place to get
it.” (Resident Farmer)
• “My biggest worry is that I secure a piece of land because there is no water, and since we are not landowners, they do not give
us water.” (Migrant Farmworker)
• “My worry is always about getting support from the mayor so that we can progress… formalize, have water. Right now, we
don’t have water.” (Migrant Farmworker)
• “No, I don’t have one [a lot]. I don’t have one yet, but I definitely want one.” (Migrant Farmworker)
• “I don’t have a house or anything. I was told that if you have documents, when you arrive, that they were giving out land.
However, I was not here during the lottery. I have no house here, nor a lot, nothing.” (Migrant Farmworker)
• “Invasions happen because there is a lack of policies to make equitable and fair distribution of land. Those laws don’t exist
yet…in a country like ours, informalization is institutionalized.” (Authority) When referencing informal settlements, the
same authority also stated: “They don’t have water.”

Canal breaking down and threatening supply

Potential collapsing of the canal

Increasing demand on water supply from migration,
livestock production, and businesses

Declining water quality

Reliance on the Highlands for Water
Lack of property rights and access to water

claimed that the unequal distribution of reservoirs was due to disorga
nization within commissions, while others argued that it was because
some commissions were below the canal, so it was easier for the water to
flow into the reservoir. One resident farmer, who was a president of an
irrigation commission, had been waiting for two years for a reservoir
construction, explained this as: “Others, of course, have a reservoir… Our
commission has 176 users. It is the largest in Majes and the most disadvan
taged and the one with the least support.” He explained to us that those
who did not have reservoirs were actively trying to secure funding from
the water user’s association to build the reservoirs.

distributing irrigation water to farmers who have land titles. Those who
were a migrant and lived in an informal settlement were not allowed to
be part of an irrigation commission and would not have access to the
commission’s resources, including, in some cases, reservoirs.
Migrants who resided in the informal settlements around Majes had
adapted in several ways, some of which were quite controversial. For
example, resident interviewees complained about migrants stealing
water from the canal. As one interviewee described:
“Well, they come here in a very disorganized way. They come, take
possession of land and usually steal water. Given that the canal is open,
they settle anywhere close to an open canal, and they start to take water.
With bucket to bucket, it really starts to add up.”

4.2.2. Migrant adaptation to water-related stressors and risks
As mentioned earlier, many migrant worked as irrigators and day
workers, and because of their professions, they held differential
knowledges about the water system than farmers. Specifically, migrants
knew about irrigation activities and day to day farm work. At the same
time as holding differential knowledge about farming systems than
farmers, migrant farmworkers also faced additional water-related
stressors and risks, particularly related to land rights and the associ
ated access to water. Water authorities and local irrigation commission
presidents also explained to us that, throughout Peru, those with land
titles are the ones with the political power to vote in and benefit from
local irrigation commissions who are in charge of allocating and

Migrant interviewees confirmed that they took water from the canal
for domestic use and sometimes irrigating their gardens in order to adapt
to a lack of land and water rights, and they told us that this was largely
due to the fact that they were never given access to water in the first
place. One migrant farmworker explained how he and many migrants
responded to a lack of access to water in their informal settlements as
follows: “We don’t buy water, but we get it out of the canal.” Another
irrigator explained to us that he had to treat the water they got from the
canal because of poor water quality: “Sometimes, water quality is a
problem… I have little bottles where I treat the water… However, making
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drinking water is very expensive.”
Another adaptation employed by migrants was self-organization.
Several migrant interviewees told us that they were self-organizing
into neighborhood associations, which worked with the municipality
and Sedapar (domestic water utility) to provide informal settlements
with water, electricity and other resources. One migrant farmworker
spoke of his neighborhood association as follows: “We have a lot of as
sociations, as well. Chumbivilicans residents, we have lots there… If you have
a lot there, you meet to see about water, community watch, or if people are
moving there, we meet to see what they need to live. More than anything, we
are more united.” These efforts were successful to a certain extent, and a
few informal settlements, after at least a decade without access to water,
were able to leverage their neighborhood association to gain access to
water.

no water, there is nothing, the owner has to let us go… Then, when the
irrigator leaves, the owner starts to do the irrigation, and the irrigator
doesn’t have a job. Right now, I really don’t have a job because there is no
water and there is no production or product.”
Furthermore, interviewees expressed doubt as to whether the water
cuts were adequate in light of the condition of the canal. Specifically,
many of the resident farmers and irrigation commission presidents
opined that in order to adequately fix the canal, the water would need to
be cut for over a week, some even claiming that six months would be the
time needed to fix the damages. However, because the crops need water,
they could never cut water from the canal for long enough to adequately
fix the damages. One resident farmer, when speaking about the condi
tion of the canal, said: “The sickness is like a terminal cancer… What they
are fixing is a finger, nothing else, so that we can live just a little bit longer.” A
water authority interviewee confirmed this by stating:

4.3. National and regional water organizational response to community
risk

“A cut of one day, two days. They go in and put the cement and everything
and then we have the problem again. This doesn’t solve it…. The company
wants at least 30 days to solve it, and we can’t give it to them because in
30 days, everything will die.”

In this section, we describe the ways that national and regional or
ganizations were responding to water-related stressors and risks that the
agricultural community in Majes faced. We then describe how the
agricultural community perceived national and regional responses to
these stressors and risks.

4.3.2. Community desires from national and regional water management
organizations
Both resident and migrant interviewees did not feel prepared in the
face of water infrastructure risks, and they expressed that water man
agement organizations were not adequately educating people on how to
respond if the canal collapsed. These concerns were particularly strong
among resident farmers. One resident farmer, when speaking of capacity
building in the face of canal collapse, said:

4.3.1. National and regional organizations’ response to water-related
stressors and risks
Both resident and migrant interviewees discussed how national and
regional water management organizations (Table 1) had responded to
risks associated with aging infrastructure and the potential collapse of
the canal. The most prominent response so far had been about fixing and
maintaining the cracked canal, and in order to do so, AUTODEMA had to
cut off water for the entire district. These cuts happened frequently and
would sometimes last several days as technicians entered the canal to
investigate and fix the cracks. One resident farmer described this as:
“The cracks in the canal are up to 18 m long, and they will be looking at those
cracks while they cut the water. We will have five days without water.” At the
time of the study, AUTODEMA had cut water twice between January
and March of 2019. A resident farmer, who was also an irrigation
commission president, described it as follows:

“No one has taught us what to do… If the canal collapses, tell us that we
will have two days of water, then we have to do this, this, and this… Or,
we will get an hour a day of water, from the reservoirs. They have not
explained to us what would happen, like ‘We have a contingency plan’…
Never, never explained.”
Finally, resident farmers expressed a strong desire for AUTODEMA to
build additional reservoirs to protect them from crop loss during water
cuts and infrastructure decline. One resident farmer said: “We want to
make more dams.” When asked where, he said: “at the highest part, so that
we don’t have these types of problems and cuts.” Others wanted a new canal
not only for stable water supply but also to improve water quality. As
one resident farmer explained: “It is very difficult to improve [water
quality]… It is contaminated, and it drags all kinds of life with it. A new canal
will have to be made, and they won’t do that.” However, at the time of the
study, water authority interviewees told us that there were no plans to
build an additional canal as the interviewees had requested.

“They say they don’t have the money, they don’t have planning, they
don’t know the land well, all that stuff. From January to now we have
already made two water cuts to make assessments of the infrastructure.
It’s been a month, and they’re already doing another three-day cut.”
When the water was cut, agricultural actors could no longer water
their crops. This raised financial concerns for both resident farmers and
migrant farmworkers. A resident farmer explained this as: “So, now they
will cut our water for five days. Imagine how our plants are going to be. The
farmers that grow potatoes, paprika, those that are flowering, are all going to
die. There will be no production here… And with this sun!” A migrant
farmworker echoed this by saying: “These days they have made some water
cuts, only a little, and the plants are already starting to dry out. Before
yesterday, we had a three-day cut and there was no water for the plants. They
were already reacting.” Finally, a migrant explained to us that the water
cuts also create conditions where pests and diseases increase. He told us:
“When they cut the water, we sacrifice, the plants dry up. It is very incon
venient for us… And, it is sad, the plants do not have water, and you don’t
know what to do. Production goes down and then diseases and pests come.”
Another migrant also expressed concern over the water cuts, not just
for the plants but also for his employment and economic vulnerability.
He explained: “And now we have had three days with water cuts, and if
there is no water, there is no going to work… Irrigators or ranchers, everyone
needs water.” He later expanded by saying:

5. Discussion
Both resident farmer and migrant farmworker interviewees informed
us that a single source of water, the canal’s aging infrastructure and the
potential of canal collapse, declining water quality, weather conditions
in the supply basin, and increasing water demand due to migration,
livestock production and businesses were all stressors and risks to their
livelihoods. These perceptions are similar to those of other studies that
demonstrated many LWTPs pose significant risks to the people and
ecosystems within the receiving basin (Gohari et al., 2013; Liu et al.,
2015; Obour et al., 2016; Ricart and Clarimont, 2017; Rogers and Xue,
2015). In Majes, interviewees perceived the single source of water,
described by one resident farmer as “The only canal. We receive this and
we irrigate everything”, as a risk that influenced other water
supply-related risks, such as currently crumbling infrastructure and the
potential collapse of the canal. Previous research has suggested that
places with a single-resource-based economy, such as fisheries or agri
culture, tend to have lower resilience (Adger, 2000; Deacon et al., 2018;

“When there is normal water, one does the regular harvest, and how does
the owner feel? He feels happy because he is doing well. Now that there is
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Flint and Luloff, 2005; Matarrita-Cascante and Trejos, 2013). As Howe
et al. (2016, p. 548) elegantly stated, a paradox of infrastructure and risk
is that “while a key purpose of infrastructure is to mitigate risk, it also
involves new risks as it comes to fruition.” We expand the empirical
evidence of the risks associated with a single source of water and reli
ance on water infrastructure in an agricultural economy, and how such
risks challenged resilience of the agricultural community by threatening
the livelihoods of various agricultural actors.
In addition, our results showed that many agricultural actors viewed
building additional water infrastructure to allow new water transfer
from elsewhere as a potential adaptation that ought to be taken by water
management organizations. Such an adaptation could make risks asso
ciated with the existing canal infrastructure and the potential of canal
collapse less acute in the short term. As documented in other studies,
particularly those in the Global North, water infrastructure development
tends to be path-dependent—high economic and political start-up costs
for developing water infrastructure tend to condition future water
management to be infrastructure-centric as well (Burnham et al.,
2016a). Once decisions to pursue certain technological fixes such as
developing LWTPs are implemented, the relative cost of reversing course
to pursue a new path becomes increasingly expensive and the
social-ecological systems tend to be locked in to take “further steps”
down the existing path (Markolf et al., 2018; Pierson, 2000). However,
in other studies, water managers have been often described as the ones
who are unable to think outside of the old paradigm in which
supply-side engineered infrastructure such as reservoirs, is seen as the
only solution to water scarcity problems (Burnham et al., 2016a). In our
study, resource users (i.e., resident farmers) in fact were the ones who
felt strongly about using engineering-driven approaches and who were
entrenched in the existing path of addressing water-related stressors and
risks with LWTPs.
Our study also contributes to understanding of vulnerabilities asso
ciated with the implementation of LWTPs. Previous studies have
demonstrated that vulnerabilities can be exacerbated by the imple
mentation of LWTPs, increasing inequalities between receiving and
supply basins, with communities in the supply basin being more
vulnerable as a result of LWTPs (Domènech et al., 2013; Liu et al., 2015;
Mills-Novoa and Hermoza, 2017; Obour et al., 2016; Paerregaard,
2013). Our study found that LWTPs also create vulnerabilities for
communities and different vulnerabilities among agricultural groups in
the receiving basin. In our case, the Majes-Siguas canal only delivered
dirty, rocky water, and all resident farmers were forced to buy filters for
their irrigation systems, many through borrowing money. However,
resident farmers with less-profitable production may not have the re
sources to do so, and they had to borrow money and “stay in debt and
sometimes […] lose their house [if they couldn’t repay their debt]” (Resident
Farmer). We also found different vulnerabilities between migrant
farmworkers and resident farmers. The informal settlements discussed in
our study were not unique to Majes. Migrants in the Global South tend to
live in informal areas without water access, which increases precarity
and decreases resilience of migrants because resilience requires equi
table rights to land and water (Adger, 2000; Adger et al., 2002, 2020;
Bahadur et al., 2013; Ostrom, 2010). Our study provides further evi
dence showing that a lack of clear land rights increased vulnerability
and decreased resilience of migrant farmworkers. Such vulnerability led
to “stealing” water from the canal as an adaption practice, creating
tension between migrant farmworkers and resident farmers. Other
studies have shown that cooperation among farmers improves drought
resilience in irrigated areas (Rey et al., 2017), and that the clash between
residents and migrants’ cultures and other newcomers tend to weaken
community resilience, particularly in natural resource-dependent com
munities (Matarrita-Cascante and Brennan, 2012). Our results highlight
the need for mechanisms that decrease migrant vulnerabilities, such as
the formalization of land and water rights for migrants, and a means for
conflict resolution to enable them to make decisions together about how
to adapt in the face of water-related stressors and risks.

Storage and communal pooling are two types of adaptation strategies
used by natural resource-dependent communities in the face of socialecological change and risk (Agrawal et al., 2008; Burnham and Ma,
2016b). We also found that resident farmers in our study were
addressing water-related stressors and risks by the communal pooling of
water. On one hand, these localized strategies successfully acted as a
buffer for irrigation commissions that were able to build their own
reservoirs, especially when AUTODEMA cut water off to the entire Majes
district to conduct maintenance on the canal. On the other hand, only
some irrigation commissions had the resources to build reservoirs, and
migrant farmworkers could not be part of irrigation commissions. These
different levels of adaptive capacity hindered some resident farmers and
most migrant farmworkers in their capacity to deal with water cuts and
the potential of canal collapse. It also decreased resilience of the entire
district, as scholars have argued that social and ecological diversity and
high levels of social capital support more resilient systems (Adger et al.,
2020; Bahadur et al., 2013; Klocker et al., 2019). Specifically, rules that
limit participation in irrigation commissions to only those who had
formal land titles prohibited diverse perspectives outside of those of
resident farmers. Migrant farmworkers, particularly those who work as
irrigators, had integral knowledge about the water management system
as a whole. In particular, irrigators conducted all irrigation related ac
tivities, and because of these responsibilities, they had knowledge about
water quality, quantity, absorption, and scheduling that many resident
farmers did not. Not having such knowledge incorporated into the
decision-making of irrigation commissions can be a lost opportunity to
identify and implement strategies to increase community resilience to
water-related stressors and risks.
In addition, migration creates complex, context-dependent oppor
tunities and challenges for both migrants and receiving communities
(Adger et al., 2020; Black et al., 2011; Heinonen, 2006; Liu et al., 2015;
Scheffran et al., 2012; Warner, 2010). In our study, migrants were not
just passive actors in the agricultural community. In fact, many had
successfully self-organized into neighborhood associations, which pro
vided migrants with an institution to build social capital and work
collectively towards gaining political capital and accessing resources.
There has been a large and growing body of literature examining the
economic, political and social positions and influences of migrants
(often through remittances or other financial mechanisms) in their
places of origin (e.g., Duquette-Rury, 2016; Duquette-Rury and Chen,
2019). Research is also growing on how unions, faith-based groups, and
coalitions support migrant workers in the Global North (Erwin, 2019;
Erwin, 2022; Minkoff-Zern, 2014; Smith-Nonini, 2009), with a few
studies also evaluating how organizations support migrant workers in
the Global South (See Gansemans and D’Haese, 2019). However,
documentation of migrants’ adaptation to a lack of power (from the lack
of formal land titles for example) has mostly focused on urban spaces (e.
g., Álvarez-Rivadulla, 2015; Cornelius, 1974). Our results expand this
literature by providing examples of how migrants work collectively to
increase adaptive capacity and resilience through self-organization in
the receiving basin of an LWTP where they had limited land rights and
access to water due to their migrant identity.
Finally, in our study, resident farmers and migrant farmworkers
expressed an overall sense of helplessness in the face of canal collapse by
expressing sentiments such as “Well, all of Pedregal has to leave, and it will
be over” (Migrant Farmworker). Our results also echo previous studies in
which farmers in other irrigated desert areas felt that they could make
incremental changes in their local environment but looked to regional
and national organizations to address their infrastructure needs and
other water-related stressors and risks (Eakin et al., 2016). State policies
are integral in the cultivation of community resilience (Wilson, 2013),
and these communities tend to have trust in the capacity of state in
stitutions to respond to citizen concerns (Bahadur et al., 2013; Baker
et al., 2020; Folke et al., 2005; Ostrom, 2010). Government policies and
programs that provide early and accurate information, technical assis
tance, and disaster support tend to improve farmers’ capacity to adapt in
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the face of drought (Alauddin and Sarker, 2014; Amir et al., 2020; Chen
et al., 2014; Rey et al., 2017; Udmale et al., 2014). In our study, how
ever, interviewees expressed a lack of confidence in regional and na
tional organizations and their responsiveness to the risks posed by the
Majes-Siguas canal. As such, to strengthen the trust of the agricultural
community, regional and national water authorities need to pay special
attention to the perceived water-related stressors and risks among
agricultural actors, create mechanisms to demonstrate responsiveness to
their needs and concerns, and develop contingency plans that address
their perceived stressors and risks. Such efforts will not only enable
adaptive governance of the water systems but also increase the overall
resilience of the agricultural community which the Majes-Siguas Irri
gation Project was developed to create and support in the first place
(Folke et al., 2005; Hurlbert and Gupta, 2017; Hurlbert and Mussetta,
2016; Ostrom, 2010).

Appendix A. Supporting information
Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.landusepol.2021.105900.
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